Abstract: Antarctic soils are under constant risks of oil contamination due the presence of scienti c stations. Bioremediation is
Introduction
Since the installation of scienti c stations, Antarctic soils are under constant risk of fuel spills, especially due to the leaking of tanks, diesel transference and vehicle refueling (Aislabie et al., 2004) . Anthropogenic activities like these spills can damage the equilibrium of the delicate Antarctic environments, which used to possess the last remaining pristine zones on Earth (Reinhardt & Van Vleet 1986; Delille et al., 2004) .
In some cases, the attempt to cleanup can be made using physical and chemical methods. However, for the Antarctic environments this is not so simple. Displacement of the machinery necessary for the application of physical methods would be very expensive, whereas the application of chemical methods would be dangerous considering the risks of additional environmental impacts. erefore, bioremediation techniques have been considered an appropriate remediation technology for polar soils, being relatively more cost-e ective and benign (Aislabie et al., 2006) .
Bioremediation techniques are based on the ability of some microorganisms to use the petroleum hydrocarbons as energy source (Alexander, 1994) . e monitored natural attenuation is the best cost-e ective choice to be applied in oil-polluted sites considering the low-risk and presenting high rates of hydrocarbon degradation. However, in polar soils the environmental conditions are suboptimal for biodegradation (Aislabie et al., 2006) . As for some soils out of the Polar Regions, a cause of hydrocarbon recalcitrance can be the depletion of nutrients (especially N and P). An alternative to overcome this problem is the technique of biostimulation (Alexander, 1994) , with the addition of fertilizers (e.g. N-P-K, MAP, DAP). However, these additions must be made carefully due the typical coarsetextured, low-moisture Antarctic soils because excess levels of fertilizers can inhibit hydrocarbon biodegradation by decreasing soil water potentials (Aislabie et al., 2006) . Other potential limitations for the activity of degraders present in Antarctic soils include low temperature and moisture, alkalinity and the potentially inhibitory effect of toxic hydrocarbons (Aislabie et al., 2006) .
Since the microorganisms are responsible for the degradation of the hydrocarbons, it is very important to know their dynamics. According to Aislabie et al. (2006) , studies have confirmed the presence of hydrocarbondegrading bacteria in polluted polar soils. Beside, Luz et al. (2004 Luz et al. ( , 2006 demonstrated that genes involved in hydrocarbons degradation are present in the region of the Brazilian Antarctic Station (EACF). Additionally, it is known that the presence of oil can change the microbial diversity of Antarctic soils (Saul et al., 2005) , and the knowledge of how it occurs may be important for bioindicators selection and further monitoring.
The aim of this work was to characterize the soil properties, the extent of oil contamination and the microbial diversity of polluted and adjacent unpolluted soils of the Brazilian Antarctic Station. Beyond that, we aimed to test the impact of the application of di erent doses of fertilizer and previously selected degrader strains on depletion of the hydrocarbons and changes in microbial community structure, to propose an e cient and sustainable alternative to minimize the oil pollution at EACF.
Materials and Methods
e sampling site is located on the front of the Brazilian Antarctic Station. e area close to the fuel tanks was subjected to a 20,000-L diesel spill in 1986. Previous analysis indicates that the reached soil contains variable concentrations of hydrocarbons in its subsurface (0.5-1.0 m) (data not shown). Subsurface staining and smell was evident at several areas near the fuel tanks, indicating the presence of the hydrocarbons. Five super cial (1 m) soil samples were collected in triplicate in March 2010, during the Antarctic Summer. ree samples (1, 2 and 3) were collected in the oil-polluted area, whereas the other two samples (4 and 5) were collected in the oil-unpolluted area (Figure 1 ).
e structure and diversity of the microbial communities of the soil samples are characterized using DGGE and SSU rDNA sequencing methods, respectively. To con rm the indigenous bacterial hydrocarbons degrading potential we performed a survey by PCR using speci c primers for genes involved in degrading pathways.
We performed ex situ and in situ microcosm bioremediation experiments to test the hydrocarbons depletion and the impact of the treatments under the microbial communities. In the ex situ experimental doses of MAP fertilizers (biostimulation) were tested, whereas in the in situ microcosm a concentration of MAP plus the reintroduction of bacterial degraders previously isolated from the contaminated soil (bioaugmentation) were tested.
Results
Nitrogen is present in extremely low levels in the soil samples collected in the Brazilian Antarctic Station before the fertilizer application. After two months since the application of the MAP fertilizer, the content of N became detectable and ranged from 0.02 to 0.08 dag.kg -1 in the soil of the in situ microcosm experiment. Figure 2 shows the content of hydrocarbons of the original soil samples collected in oil-polluted (1 to 3) and oil-unpolluted (4 and 5) areas and in oil-contaminated and oil-uncontaminated soils a er the microcosm experiment. We can observe a linear decrease of hydrocarbons amount from point 1. A er 60 days of incubation, the hydrocarbons content decreased linearly until the treatment with 250 mg N.kg -1 . e DGGE analyses revealed that the collection points harbor different bacterial community structures since the repetitions of the triplicate or duplicate used always grouped together (Figure 3) . The dendrograms shows a strong tendency of grouping due to the presence or absence of the hydrocarbon pollution. Furthermore, the DGGE analysis showed that the application of fertilizer and the reintroduction of bacterial degraders in uence the determination of the structure of the bacterial communities of the soil (Figure 4 ). e SSU rDNA sequence results indicate a tendency of higher bacterial and microeukaryotic diversity in the oil-uncontaminated soil (Figure 5 ), indicating a toxic e ect of the diesel present in the area.
The results from PCR amplification of key genes encoding bacterial hydrocarbon degradation pathways showed that expected fragments of alkB gene, encoding for aerobic alkane degradation, and bamA gene, the biomarker of aromatic degradation by anaerobic bacteria, were found in both contaminated and uncontaminated soils. e Grampositive α-subunit-RHD do not presented ampli cation in the oil-uncontaminated soil samples and the α-subunit- and 250 mg.kg -1 seems to be su cient to promote further
Discussion and Conclusion
e recalcitrance of hydrocarbons in cold soils may be due characteristics as: low temperatures (Haider, 1999) , lack of nal electron acceptors (especially oxygen) (Johnsen et al., 2005) , low nutrient concentrations or availability (especially N and P) (Aislabie et al., 2006) , or the absence of microorganisms capable of using hydrocarbons as C source (Johnsen et al., 2005; Huesemann et al., 2002) . Two of the 
